The optical spectra of chlorophyll a and chlorophyll b in PMMA and MTHF were studied over a wide range of concentration (8 X 10-6-1 X 10-3 mole/1 in PMMA, and 10_6-10_1 mole/1 in MTHF). In the absorption spectra it is possible to identify bands which originate from chlorophyll disolvates and chlorophyll monosolvates in MTHF as well as bands which are most probably due to isolated chlorophyll molecules in PMMA. In high-concentration samples of chlorophyll in MTHF some bands may be assigned to aggregates, but based on optical results only, no particular model can be proposed. The emission spectra are strongly influenced by reabsorption and energy transfer processes. However, the so-called Qy band of isolated molecules in PMMA and of chloro phyll monosolvates in MTHF as well as the Qx and the Qy bands of chlorophyll disolvates in MTHF can be identified unequivocally in the fluorescence spectra.
Introduction
In two previous papers [1, 2] we have presented results of the investigation of the ESR spectra of chlorophyll a and chlorophyll b molecules in their metastable triplet state in matrices of polym ethyl methacrylate (PMMA) and of methyltetrahydrofurane (MTHF). From the concentration depen dence of these spectra we have concluded that the observed spectra can be assigned to isolated chlorophyll molecules, to chlorophyll mono-or disolvates, or to complexes thereof. In MTHF at concentrations below 10~3 m ( = 10~3 mole/1) only chlorophyll disolvates are observed. At higher concentrations chlorophyll monosolvates and iso lated chlorophyll molecules show up in the ESR spectra gradually, whereas at 10-1 m (the highest concentration which was studied) pairs of chloro phyll monosolvates and of isolated chlorophyll molecules could be identified. In this work we present the optical spectra obtained from the same samples in an attem pt to find correlations between these spectra and the related ESR spectra and possibly to assign optical bands to different chloro phyll complexes. Such an assignment would be quite valuable since there exist many investigations of optical spectra of in-vivo systems [3] [4] [5] [6] [7] which might be interpreted using the correlation of ESR and optical spectra discussed in this work.
Experimental
The preparation of the samples has been described previously [1] . For the optical measurements the PMMA samples were cut into slices of about 1.3 mm thickness whereas for the MTHF samples, which are liquid at room temperature, we used thin quartz cuvettes of different thickness depending on the chlorophyll concentration.
For the measurement of the emission spectra we used a standard setup with excitation and detection beams at right angles. The samples were cooled by helium gas as a heat exchanger to about 80 K. Optical excitation was achieved using a Xenon high pressure arc (XBO 150 W or XBO 450 W, Osram, for fluorescence and phosphorescence respectively) with suitable interference filters or filter combina tions. The emitted light was analyzed with a 1-m spectrograph (Jarell-Ash) in the case of fluorescence emission in combination with a cooled photo multiplier (9658 R, EMI) with a modified S-20 cathode and an electrometer (model 602, Keithley). In the case of phosphorescence emission a 0.25-m monochromator (Bausch & Lomb) was used with a cooled photomultiplier with S-1 characteristic (9684, EMI). In the latter case both, the excitation and the detection beam were chopped alternatingly at a frequency of 100 Hz in order to remove scattered excitation light from the detection beam.
Absorption spectra were recorded between 4.2 K and 300 K using a double-beam spectrophotometer (model 14, Cary).
Most of the spectra reported in this work are presented as obtained, i.e. in a scale linear with respect to the wavelength and not corrected for the spectral sensitivity of the detection scheme. Only the fluorescence spectra obtained on the MTHF samples were computer-processed in order to correct them for the spectral sensitivity and to convert them to a linear frequency scale. In this case we attem pted to deconvolute the spectra into a minimum number of distinct, symmetrical Gaussian shaped bands. However, since this quite tedious procedure did not yield essential results we did not apply it to the other spectra. In the figures presented in the following sections the scale on the bottom of the figure is always linear, whereas the scale on the top gives the conversion to the inverse units to facilitate the comparison of different figures.
Fluorescence Spectra

Concentration Dependence of the Fluorescence Spectra
The observed fluorescence spectra depend both on the concentration and on the wavelength of the light used for the excitation. We have studied these dependencies in the range of chlorophyll concentra tions from 8 X 10~6 m to 1 x 10~3 m for the PMMA samples and 1 X 10-6 m to 1 X 10-1 m for the MTHF samples. The wavelength of the exciting light was selected using interference filters at (405 + 9) nm, (4 3 4 ± 1 2 )n m , (446 ± 12) nm, (490 + 7) nm and (546 + 8) nm. In some cases also the entire spectrum of the XBO 150 W at wavelengths below 550 nm was used for excitation. In this section we present some typical spectra and discuss the observed influence of these parameters. 
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< cc t- (405 nm or 546 nm) . A similar distinction between these two groups is observed in the high concentra tion samples (10-3 m to 10-1 m, Figs. 4E , F) .
Deconvolution of the Fluorescence Spectra of the M THF Samples
In order to obtain a quantitative description of the observed spectra it was attempted to fit the experimentally observed spectra with a super position of a minimum number of Gaussian shaped lines. Figure 5 presents an example of the result of such a fitting procedure for 10-4 m chlorophyll b in MTHF with excitation at 434 nm. In Table 1 Corresponding deconvolution data were obtained for the fluorescence spectra of the MTHF samples for the entire range of concentrations and excitation wavelengths [8] , However, since the spectra are strongly influenced by reabsorption and energy transfer processes, it was not possible to assign the bands obtained from this procedure to specific chlorophyll systems. The parameters should be considered only as a device to describe the observed spectra. Therefore we have not incorporated all of them in this paper and have also not processed the PMMA spectra in a similar fashion. Figure 6 presents the room-temperature ab sorption spectra of chlorophyll a and b in PMMA (5 x 10~5 m) and in MTHF ( l x l 0 "3 m), respec tively. In PMMA substantial differences between the chlorophyll a spectrum and that of chlorophyll b are observed, whereas the differences between the corresponding spectra in MTHF are comparatively small. The structure of none of these spectra at room temperature depends significantly on the chlorophyll concentration over the entire accessible range (10" 5 to 10" 3 m in PMMA and 10" 5 to 10" 2 m in MTHF). Table 2 summarizes the absorption bands observed at room temperature. 
Absorption Spectra
Concentration Dependence
Temperature Dependence
The absorption spectra of the chlorophyll-a-PMMA samples do not change significantly, if the samples are cooled from 300 K to 77 K. Contrary to this observation there are marked changes in the chlorophyll-a-MTHF spectra in the same range of
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550 500 450 400 2] it is reasonable to assign these bands to isolated chlorophyll molecules. This assignment is supported by the observation that the Qy bands in PMMA are higher in energy than in a large number of other polar and nonpolar solvents. The Qy bands in MTHF are observed at 663 nm (15083 cm-1) for chlorophyll a and at  654 nm (15291 cm-1) for chlorophyll b. A number of authors [11 -15] 
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Phosphorescence
Several authors have studied the phosphorescence spectra of chlorophyll in vitro [10, 16-21], It was pointed out by Krasnovsky and co workers [20, 21] that the disagreeing results of previous studies may be due to the fact that the phosphorescenc origi nates from different triplet species depending on the concentration and the excitation wavelength. In order to obtain a complete set of spectroscopic data of the samples studied in this work in Fig. 9 Similarly to the fluorescence spectra the phos phorescence spectra evidently result from a super position of various bands, the relative intensities and positions of which depend on the concentration as well as on the excitation wavelength. However, because of the above mentioned difficulties (re absorption, energy transfer) it is not possible to assign distinct phosphorescence bands to particular chlorophyll triplet species.
Conclusion
The most reliable information on chlorophyll in matrices like PMMA or MTHF, which is accessible by optical spectroscopy, is obtained using absorption spectroscopy. Whereas emission spectra are always complicated because of reabsorption and energytransfer processes, various solvate complexes and maybe aggregates can be identified in the absorption spectra. It therefore seems to be worthwile to study the full concentration dependencies of the absorp tion spectra systematically, by using a deconvolu tion technique. Such investigations are currently in preparation.
